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1. INTRODUCTION 


A . Background 

The 1973 Plenipotentiary Conference of the International Telecommunication 
Union (ITU) resolved that a World Administrative Radio Conference (WARC) be 
convened for the planning of the Broadcasting-Satellite Service in the 12 -GHz 
band (11.7-12.2 GHz in Regions 2 and 3 , and 11.7-12.5 GHz in Region 1). In 
Region 2, this band is also allocated on a coequal basis to the Fixed, Fixed- 
Satellite (Space-to- Earth), Mobile (except Aeronautical Mobile), and Broad- 
casting Services. :; - 

The Administrative Council of the ITU subsequently determined that the 
WARC would meet in Geneva in January 1977 with the following agenda: 

(1) To establish the sharing criteria for the bands 11 7-12 2 GHz (in 
Regions 2 and 3) and 11.7-12.5 GHz (in Region 1! between the 
Broadcasting-Satellite Service and the other services to which these 
bands are allocated, namely* 

— the Fixed Service 

— the Mobile Service (except the Aeronautical Mobile) 

— the Broadcasting Service 

— the Fixed-Satellite Service (Space-to-Earth) in Region 2 

(2l To plan for the B roadcasting -Satellite Service in the above-mei ■: ■« d 
bands in accordance with Resolution No. 27 of the Plenipotentiary 
Conference (Torremolinos, 1973) and Resolution No. Spa 2-2 of the 
World Administrative Conference for Space Telecommunications, 
Geneva, 1971 

(3) To establish procedures to govern the use of these bands by the 

Broadcasting-Satellite Service and by the other services mentioned 
in point 1 above to the extent considered necessary by the Conference 


* 

In the U.S.A. , this band is allocated on a coequal basis to the Broadcasting- 
Satellite and Fixed-Satellite Services, and on a secondary basis to the 
Mobile Service. 
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A Joint Industry-Government Committee was established in June 1975 
to advise the Federal Communications Commission (FCC) in preparing the 
proposals to be set forth by the U.S. A. at the 1977 WARC concerning the use 
of the 12-CHz frequency band. Six working groups (WG) were appointed and 
designated WG-A (Definitions), WG-B (Sharing Principles), WG-C (Sharing 
Criteria), WG-D (Evolution of Requirements), WG-E (International Non- 
technical Implications), and WG-F (Procedures). 

This is the report of WG-C (Sharing Criteria) and constitutes a consensus 
of the participants of this group.* It contains recommendations regarding the 
position to be taken by the United States delegation concerning agenda item 1 
of the 1977 WARC. 

B . Scope of the Report * 

The need to examine the characteristics and requirements of domestic 
Broadcasting- and Fixed-Satellite systems, to define sharing criteria, and to 
explore the possibility of adopting "performance standards" in future rules 
and regulations for the 11.7-12.2 GHz band is motivated by three primary 
considerations: 

(1) Sharing criteria and performance standards to be adopted may affect 
the efficiency with which services in the 11.7-12.2 GHz band can 
share the orbital arc and the frequency band. 

(2) As previously noted, the 11.7-12.2 GHz band is allocated to two space 
services and three terrestrial services in Region 2. Without 
appropriate sharing criteria and performance standards, it is 
ocssible that certain applications within these services may be 
precluded. Moreover, the snaring criteria and performance standards 
may affect the quantity and quality of communications that can be 
achieved in certain applications. 


* 


The membership list for WG-C is given in Appendix B. 
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(3) Fixed-Satellite and Broadcasting-Satellite systems operating in the 

1 1. 7- 12. 2 GHz band may affect or be affected by: (a) U.S. terrestrial 
services in the band on a secondary basis, (b) both satellite and 
terrestrial systems that may be implemented outside of the U.S. in 
the 11.7-12.2 GHz band, and (c) satellite and terrestrial services 
that operate in the bands adjacent, or in harmonic relation, to the 

11.7- 12.2 GHz band. 

A United States position relating to new radio regulations for the operation 
of Fixed-Satellite and B roadcasting -Satellite Services in the 11.7-12.2 GHz band 
must be predicated upon detailed analyses of the technical performance of 
systems in these services. This must include an assessment of the intersystem 
interference potential of the two satellite services, and the interference poten- 
tial of these satellite services to and from terrestrial services operating 
within the band and adjacent to it. 

At this time, the technical characteristics of domestic satellite systems 
tnat will operate in this band are not well defined. This is particularly true of 
the Broadcasting-Satellite Service in Region 2. In addition, the interpretation 
of the definitions of Fixed-Satellite and Broadcasting-Satellite Services is 
currently evotving. 

In view of the foregoing factors, this report is limited primarily to an 
identification and discussion of the technical considerations that determine the 
suitability of various system and subsystem parameters as candidates for 
specification as sharing criteria or performance standards. Specific recom- 
mendations are given in the case of a few parameters, but it is believed that 
the specification of additional criteria and standards should await further 
definition of the services that will share the band and more authoritative 
information on the technical characteristics and economic considerations of 
systems in those services. 
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II. SHARING CRITERIA AND PERFORMANCE STANDARDS 
FOR SATELLITE SYSTEMS SHARING IN REGION 2 


A number of system parameters have been suggested as candidates for 
sharing criteria and performance standards in the responses to Notices of 
Inquiry in FCC Docket No. 20468, in technical papers, in International Radio 
Consultative Committee (CClRl reports and documents, and as a result of the 
Joint Industry /Government Committee meetings. Candidate parameters can be 
classified into tnree categories: 

(It System Parameters 
(2| Space Station Parameters 
(3) Earth Station Parameters 

Table 1 presents a listing of the candidate sharing criteria and performance 
standards under the three catego ues defined above. 


TABLE 1 

CANDIDATE AREAS FOR SHARING CRITERIA 


System 

Space Station 

Earth Station 

Polarisation 

Stationkeeping 

Receiver interference 
rejection 

Channeli zation 

Satellite 



repositioning 

Antenna size and 

Qualitv of 

disc nmmation 

c o m mun i c at i on s 

Out -of- band 



emission limits 

Receiver noise 

Energy dispersal 

Cessation of 

temperature 

Modulation methods 

emissions 

Antenna repointing and 
receiver retuning 

Acceptable levels 

Power flux 


of interference 

density limits 

Antenna pointing 
accuracy 

Antenna pointing 
accuracy 
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A . System Parameter* 

l. Polarization . The use of orthogonal polarization can increase the 
capacity of the geostationary orbit reaching, in the limit, twice the capacity 
that could be realized with a single polarizatL i , For example, satellites 
can be spaced more closely, with orthogonal polarization used on cochannel 
signals from adjacent satellites. Alternatively, it may be practical to use 
both polarizations within a single channel (or on frequency-interleaved channels) 
from the same satellite if the isolation required to avoid interchannel inter- 
ference is not too great. 

For the first years of service in the 11.7-12.2 GHz band, the capability 
to place satellites closer together appears to offer advantages over frequency 
reuse in a single satellite. However, in the special case where adjacent 
satellites have identical interleaved channelization plans, the benefits of both 
adjacent satellite cross polarization and adjacent channel cross polarization 
may be obtained. That is, by alternating between orthogonal polarizations on 
a channel-by-channel basis in each satellite and having orthogonal polarizations 
between similar channels in th* adjacent satellite, both types of polarization 
discrimination can be achieved. 

Orthogonal polarization cap be obtained in the case of linearly polarized 
signals by the use of horizontal and vertical polarization; or, in the case of 
circularly polarized signals, by the use of right- and left-hand senses of 
polarization. Linear polarization is generally preferred because it affords 
greater discrimination in the sidelobes. However, there are some operational 
advantages in the Broadcasting-Satellite Service, in the use of circular polari- 
zation (i.e. , earth station antennas need not be aligned). 

Several factors influence the amount of overall polarization discrimination 
that can be obtained in practice: the discrimination in different parts of the 
antenna beam, the frequency of operation, polarizer performance, the depolar- 
ization due to atmospheric and ionospheric effects, scattering from the ground, 
satellite orientation stability, intersystem geometry, and polarization 
tracking . 
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Although upward* of 33 dB of di*crimination can be obtained within the 
1-dB gain contour of a large-aperture antenna, the other factor* mentioned 
above combine to reduce the overall discrimination to less than 25 dB in the 
main beam for a 4- and 6-GHz band signal subject to the influence of the 
atmosphere and the ionosphere. In the sidelobe* of the antenna beams, the 
overall cross polarization discrimination at 4 and 6 GHz may be less than 
10 dB. 

The amount of polarization discrimination that can be achieved and 
maintained over long periods in systems operating at 12 GHz or above is not 
accurately known. While the depolarizing effects of Faraday rotation decrease 
with increasing frequency, the depolarization of signals due to precipitation 
increases markedly as the frequency is increased. In the presence of rain, 
the polarization discrimination that can be relied on in the 1 2 - GHz band in the 
main beam may be quite umall, and may be even less in the sidelobe region. 
However, at the same time that depolarization is taking place, signal attenua- 
tions are usually high due to absorption and scattering by precipitation to the 
point where the link may be out of service anyway, 

Because of the improvements in utilization of spectrum and orbit that 
can result, it will be desirable to incorporate some form of polarization 
discrimination into the design of future systems. Because of the lack of 
definitive information, it is considered premature to recommend a specific 
polarization plan as a standard. In the interim, system designers are urged 
to use polarization discrimination in their design considerations. We expect 
that results of the Canadian Technology Satellite (CTS) experiments will provide 
useful information in this area. 

2. Channelizatio n. Channelization pertains to frequency usage or a 
frequency plan that sets forth* (a) location of carrier frequencies, (b) assign- 
ment of bandwidth to usable communications, and (c) assignment of bandwidth 
to guard bands. Good practice in the channelization of the 500-MHz bandwidth 
included in the 11.7-12.2 GHz band should involve a high -percentage allocation 
of bandwidth to usable communications while allowing for adequate protection 
for both in-band and adjacent band services. 
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Frequency interleaving, or the technique of offsetting the carrier 
frequencies of one satellite (or one set of transponders in a single satellite! 
relative, to the carrier frequencies of another can reduce the likelihood and 
level of interference, and thus increase the efficiency of orbit and spectrum 
utilization. 

Because of both the wide diversity in services that have been hypothesized 
and which could be offered in this band, and the resulting large differences in 
the characteristic bandwidths of systems designed to supply these services, it 
is premature to recommend any specific channelization plan as a standard 
or to specify a minimum allocation of the 500 MHz to usable communications. 
This wide diversity is evident from a review of the possible systems set forth 
in the U.S, CCIR contribution (Doc. USSG RC/838) entitled ’Functional User 
Requirements," However, system designers are urged to develop frequency 
plans that make efficient use of the frequency band for usable communications. 

With regard to the protection of out-of-band services, the objective is 
to establish an acceptable level of interference (see Section B3), The system 
designer should then have the freedom to select among the use of guard bands, 
filtering, satellite location, effective isotropically radiated power (E1RP), 
antenna pattern, etc. , to meet the interference objective. 

3. Quality of Communications . CCIR Recommendation 289 sets forth 
minimum signal-to-noise (S/N) ratios which should be achieved in a "2 500-km 
hypothetical reference circuit for the transmission of television. " These 
values range between 50 and 57 dB, depending on the kind of system, for the 
peak-to-peak luminance signal to r.m.s weighted noise. Such high ratios 
are desirable because such television signals often will be distributed further 
over large distances and will suffer some subsequent impairments before they 
reach the viewer. 

In the case of Broadcasting-Satellite systems, however, the receiving 
installations will be much closer to the viewer, and will not be significantly 
degraded further by subsequent transmission systems. Thus, lower design 


values for signal-to-noise ratio should be sufficient. For instance, CCIR 
Report 215-3 gives examples of 12-GMx Broadcasting-Satellite systems for 
community and individual reception as having S/N ratios of onlv 42 dB, These 
lower required signal-to-noise ratios permit either lower EIRP or lower earth 
station gain-to-noise-temperature ratios lCi/Ts) or both. They also allow 
higher levels of intersystem interference, and hence closer satellite spacing* 
than would be required in higher -S/N systems. 

In the case of Fixed-Satellite systems, the noise power in a telephone 
channel of u satellite-supplied "hypothetical reference circuit for frequency 
division multiplex IFDM) telephony' should be as set forth in CCIR Recommenda- 
tion 353-2. For example, the total noise from all sources should not exceed 
10,000 pWop more than 20 percent of the time. Although no reduction in these 
levels for the quality of channels to remote areas which do not require further 
distribution by landline is discussed in the recommendation, recently proposed 
systems have been de' yned using lower S/N levels 

It is important to set a limit not only on the minimum quality to be supplied 
but on tile maximum quality that should receive protection from interfering 
sources. High-quality systems impose a requirement for low levels of 
interference from other systems sharing the orbit and the spectrum. No 
recommendation can be made at tins time of this upper level to be protected 
until further studies have been made, 

4. Fnergy Dispersal . During certain transmission periods, the peak 
power density of a carrier may significantly increase (during times of low 
traffic on multichannel telephone circuits, or the transmission of an all-black 
or all-white television scene). During such transmission periods, the peak 
power density can be reduced, thereby limiting the peak interference presented 
to other shaiing services by causing the carrier energy to be dispersed. As 
discussed in C-CIR Report 384", the use of currently available energy dispersal 
techniques can reduce the peak power density, per 4 kl-lz, during light loading 
to within 5 dB of that during full loading conditions. 


Texts of the Kill Plenary Assembly of the CCIR, Volume 4, Geneva, 1974. 
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While it would be desirable to require the carrier energy to be dispersed 
during these times to limit tho peak interference presented to other sharing 
services to an acceptable level, there could be a significant impact on the cost 
of Broadcasting-Satellite systems. Energy dispersal could require modification 
to the television set or abandonment of inexpensive receiver/convert*r units 
which transform broadcasting satellite frequency modulation (FM) into standard 
'IV amplitude modulation (AM). 

With these considerations in mind, we recommend the establishment of an 
acceptable level of interference or a peak power flux density as the more basic 
sharing criteria, thus leaving to the system designer the methods of achieve- 
ment, which include, among other things, the use of energy dispersal techniques. 

5. Modulation Methods . To keep spacecraft power requirements to 
practical levels, either frequency modulation or phase-shift-keying (PSK) is 
normally preferred for both Fixed-Satellite and Broadcasting-Satellite systems. 
For a given baseband, however, the RF bandwidth occupied by the modulated 
carrier depends on the peak-to-peak deviation (for FM) or the number of 
transmitted phases (for PSK) specified by the system designer. His choice 
depends, in turn, on the desired signal quality within the constraints of 
available satellite EIRP, bandwidth, and expected channel noise. In addition, 
economic considerations and multiplexing and signal processing techniques used 
in forming the baseband are important. 

Although orbit-spectrum utilization tends to increase as the ratio of RF 
bandwidth to baseband bandwidth increases, economic considerations may 
favor modulation parameter values that require less RF bandwidth in preference 
to those that minimize RF power requirements or maximize orbit-spectrum 
utilization. For these reasons, coupled with uncertainties in system require- 
ments and characteristics and evolving technology, it is premature to specify 
system standards regarding modulation methods or RF channel bandwidths. 
Further, it may never be desirable to specify modulation standards since 
other more basic criteria may influence system design to produce efficient 
and shared use of the orbit and spectrum. 
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6. Acceptable Bevels of Interference . The defini'.iun of acceptable levels 
of interference is a fundamental sharing criterion because the required spacing 
between adjacent satellites operating in the 11.7-12.2 GHz band is directly 
related. Traditionally, the level of interference from a satellite into a 
terrestrial earth station is limited to 1000 pWop. * (Thus amounts to 10 percent 
of the total system noise budget of 10, 000 pWop. ) For the caae of interference 
from satellites into earth stations of other satellite systems, a limit of 
1000 pWop is also recommended. 

However, orbit-spec: rum utilization usually can be improved without 
sacrificing message quality by permitting a higher interference level in 
combination with a compensatory reduction in the permitted thermal and 
intermodulation levels. To illustrate, chang.es from the values presently 
employed in the proportion between interference and thermal noise may lead to 
an overall improvement in the utilization of the band. Further study is 
neves: a ry in this area, especially for thin* route applications 

Acceptable levels of interference for the 11.7-12.2 GHz band may differ 
from those established for the 4- and 6 -GHz band. Definition of these new 
levels will require an understanding of the specific types of new services that 
may be offered by Broadcasting-Satellite and Fixed-Satellite systems that will 
share the band. Because •“'* the general uncertainties that presently exist in 
such service definitions, studies should be directed toward amending current 
CCIR recommendations as may be appropriate (e.g., for transmission o. 
digital voice!, and developing new recommendations to address special and new 
services that may be offered (e.g. , transmission of wideband digital signals!. 

B . Space Station Parameters 

1. Stationkeeping . East-West excursions of the satellite will increase 
the spacing required between adjacent satellites to keep interference to an 
acceptable level. In turn, the degree to which the orbital arc and the 
11.7-12,2 GHz hand are efficiently utilized is affected. 

CCIR Recommendation 357-2 (Texts of the XIII Plenary Assembly of the CCIR. 

Volume 9, Geneva, 19741. 

**CCIR Recommendation 466 (Texts of the XIII Plenary Assembly of the CCIR, 

Volume 9, Geneva, 1974). 
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Considering the negligible amount of fuel needed to control East- West 
excursions of a geostationary communications satellite and the desire to 
maximize the number of satellites which may share the orbital arc, a require- 
ment to maintain each satellite to within ±0. 1 degree appears reasonable and 
is recommended. North-South stationkeeping may also be appropriate to 
preclude the requirement for earth station antenna tracking, to reduce the loss 
due to pointing error, or to minimize the energy radiated outside the desired 
coverage area. 

To be more specific, the amount of satellite motion allowed involves 
several considerations which affect sharing, First, the drift in the East-West 
direction is essentially wasted orbital space. That is, satellite spacing will be 
primarily determined bv an allowable level of interference presented to the 
earth stations operating with adjacent satellites. The allowable satellite drift 
must be added to the minimum separation based on interference considerations. 
To illustrate, if satellite drift is tolerated to ±1 degree, 2 degrees of wasted 
orbital arc result per satellite. For satellites operating in the Fixed-Satellite 
Service, ±1 degree drift will require the earth station antennas to track the 
satellite to keep it in the main beam. For smaller earth station antennas, 
large satellite excursions will impose large pointing losses or the requirement 
for a t racking antenna. The last point to be considered is that the weight 
penalty is generally insignificant for Fast-West control. With these considera- 
tions in mind, it is concluded that satellites should be controlled to at least 
ifcO. I degree. 

With regard to North-South control, although some of the same considera- 
tions apply, the impact on satellite spacing and interference to earth stations 
operating with adjacent satellites is considerably smaller. Satellites in 
near-geostationary orbit will drift in inclination approxim ■ tely 0.8 degree 
per year, giving rise to motion which is primarily in the Nt cth-South direction. 
Pointing loss which results from this inclination can be compensated for by 
increasing satellite EIRP or, to a certain extent, by spacecraft antenna 
repointing. Increasing EIRP is generally an undesirable solution since it 
increases the livelihood of Interference and is wasteful of spacecraft power 


and weight. It is our recommendation that North-South stationkeeping limits 
not be specified. Rather, we recommend that the '•/stem designer offset the 
effects of North-South motion either til rough stationkeeping to ±0,1 degree or 
through the combination of earth station antenna design and space station antenna 
pointing to keep the satellite radiated power level and footprint the same as it 
would be with the satellite North-South motion controlled to 0.1 degree. 

2. Satellite Repositioning . Requiring satellites to have the capability 
to be repositioned will increase the flexibility of Administrations in assigning 
orbital positions as they are applied for without precluding the implementation 
of an orbit- sharing plan in the future. Considering cost (fuel)*, it appears 
reasonable to require limited move capability after the satellite has been 
established in an assigned position. A total excursion of approximately 
10 degrees .night be a reasonable bound consistent with maintaining system 
performance and requiring, at most, repointing at the satellite antenna. The 
performance impact is a function of the initial station, the desired coverage 
area, and the degree of antenna pattern shaping employed in optimizing antenna 
gain and reducing spillover. Larger excursions can require a broadening of the 
antenna pattern (loss of gain in spillover) to accommodate the altering shaping 
of the coverage area from different satellite view angles corresponding to the 
shift in the satellite longitude. On-orbit shaping of the antenna coverage 
pattern is impractical with satellite antennas of the type used today and must 
await the development of practical phased array (or equivalent) antennas. 

In the future, two changes may evolve which will alter the position 
established here. First, antenna configurations and patterns may become 
more complex, leading to more sensitivity to satellite position and therefore 
reducing the allowable amount of excursion before requiring realignment. 


With current designs, the expenditure at approximately l percent of total 
on-orbit satellite weight for repositioning fuel will make possible one 
reposition at 3 degrees/day. Alternatively, this same amount of fuel can be 
used for more repositions at slower rates. A single reposition of 10 degrees/ 
day would increase the fuel requirement by a factor of approximately three. 

No recommendation is made here for the percentage of satellite weight to be 
allocated for repositioning fuel. 
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The second change may be advancements in the state-of-the-art related to the 
capability to remotely realign the satellite antenna pattern from the ground. 

The final point to be made i. hat a satellite repositioning will affect the earth 
stations and must be considered as discussed in Section C4. 

3. Out-of-Band Emission Limits . At present, the ITU Radio Regulations 
do not specify tolerable levels of spurious emissions (either in- or out-of-band) 
above 23 5 MHz, stating only that they should be "as tow as practicable." Receiv- 
ers with inadequate frequency selectivity will be subject to interference from 
out-of-band transmissions, and transmitters having insufficient suppression of 
spurious emissions will cause such interference. Theoretically, no transmitter 
can be perfectly "clean" nor receiver completely immune even at frequencies 
far removed from the desired channel, but in practice the problem is of concern 
mainly in the adjacent frequency channels and at band edges, especially where 
the characteristics of the systems change markedly from one service to another 
in the adjoining band (as in the case of radio astronomy at 2690 MHz, which is 
adjacent to the 2500-2690 MHz Broadcasting Satellite band). Interference can 
be reduced by' both decreasing the level of out-of-band emissions and reducing 
the out-of-band sensitivity of receivers. The burden of minimizing interference 
should fall on both services. 


In the case of interference to the Fixed and Mobile Service in the band 
10,7-11.7 Gl-tz from satellite emission in the band 11.7-12.2 GHz, one measure 
of degradation is the out-of-band interference as a percentage of the total per- 
missible in-band interference. Values between 1 percent and 100 percent have 
been suggested (that is, levels between 20 and 0 dB, respectively, below the 
aggregate of currently permissible interference from in-band satellite systems). 

A preliminary and simplified analysis is outlined in Appendix A for the case 
of permitted interference of 10 dB below in-band satellite interference, which 
leads to an estimate of the order-of-magnitude of the interference problem that 
may be created by satellites operating in the 11.7-12.2 GHz band to services 
operating in the band immediately below 11.7 GHz. Five types of satellite 
systems are considered: 


* 
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Type 1 

Fixed-Service 

Wideband Digital 

Type 2 

Fixed-Service 

Narrowband Digital 

Type 3 

Fixed-Service 

Second Generation 

Type 4 

Broadcasting -Service 

E1RP « 55 dBw 

Type 5 

Broadcasting -Service 

E1RP = 65 dBw 


Radio Regulation 470NQ now specifies power flux densities (PFDs) that 
satellite systems may generate, based on a calculation of the in-band 
interference that would likely result. It should be pointed out that the PFD 
limit adopted by the ITU in Radio Regulation 470NG for the 10,7-11,7 GHz 
band was not the result of a definitive study of the effect of a model array of 
satellite mterferers on typical radio- relay systems. Rather, the PFD limit 
previously established at 4 GHz (470NL) was extrapol ted to higher frequencies, 
taking some — but not all — of the systems differences into account. Moreover, 
additional study is required on the manner in which out-of-band emissions add 
to the It^el of interference as well as affecting system availability. There- 
fore, no recommendation can be made at this time. 

Calculations should be made of the interference caused to terrestrial 
systems in the 10.7-11.7 GHz band by an assumed array of Broadcasting 
Satellites and Fixed Satellites in the 11.7-12.2 GHz band, taking into account 
that regional allocations differ. 

Transmission of terrestrial services in bands adjacent to the 11.7-12.2 
GHz band should be analyzed to determine the levels of interference that would 
be caused to Broadcasting-Satellite and Fixed-Satellite systems in the 
11.7-12.2 GHz band, including the susceptability of earth stations to adjacent 
band emissions. 

4. Cessation of Emissions. Capability to command service emissions 
to be turned off if the satellite deviates beyond standards prescribed for 
sharing compatibility is recommended. This capability is suggested to avoid 
interference with sharing services when the satellite deviates beyond the 
limits established for excursions from its assigned location or deviations 
from authorized operating characteristics. 
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5. Power Flwt Density Limits , The issue of power flux density limits 
raises a number of difficult questions; for example: 

(1) Should a limit be established? 

(2) If so, how should the limit be established and when should it be 
imposed ? 

(3) Should power flux density limits be different for different services 
sharing the same band? 

(4) If so, on what basis should the limits be different? 

(5) How are satellites offering both Fixed and Broadcasting Services dealt 
with ? 

(6) What are Fixed and Broadcasting Services? 

(7) Should a limit be established outside the service area? Should it have 
a different value ? 

Powe flux density limits are generally addressed from two points of view: 
first, the impact of PFD on orbital spacing requirements and second, what PFD 
is needed for a particular application. Clearly, in the limit, as the allowable 
EIRP is increased, the number of satellites which may share an orbit segment 
approaches unity. This consideration leads to two general conclusions. First, 
if an application is put forth whose implementation requires an extremely high 
EIRP, it is questionable whether the system should be approved even if the need 
based on the application for the high EIRP can be established. That is, 
acceptable levels of EIRP must be determined from both “need" considerations 
and their impact on other services sharing the band. The second conclusion to 
be drawn is that at some time PFD limits must be established if a proposed 
service would require an EIRP level which would cause excessive interference 
if not the exclusion of other services in the band. 

The question of different limits for different services in the band is a 
most difficult one from several points of view. It has already been stated 
that justification of a PFD must go beyond the simple establishment of a 
' need." A second point of view concerns the lack of agreement which now 
exists as to what a Fixed-Satellite or a Broadcasting-Satellit e. Service is. 

A third point concerns the possibility that both Fixed and Broadcasting 



Services may be offered by the same satellite or through the same satellite 
transponder channel. 

In summary, the need for a power flux density limit at some time is likely. 
The timing for such a limit is not known. 

6. Antenna Pointing Accuracy. The accuracy with which a satellite 
antenna beam is pointed affects the (l) signal level within the desired coverage 
area, (2) interference levels in adjacent areas, and (3) interference at the 
satellite via the uplink. Considering (1), the design is generally such that a 
given signal quality is provided at the edge of the coverage area. To achieve 
this requires the proper combination of satellite E1RP, beam pointing accuracy, 
and earth station G/T. The tradeoff and subsequent selection of the parameters 
is a system design function. 

While the determination of ( 11 should be the prerogative of the designer, 
it may be desirable to constrain his choice of antenna beam pointing accuracy 
since this directly impacts orbit/spectrum utilization, as indicated by (2) and 
(3). Further, a relatively tight control is implied since the gain slope of the 
antenna is quite high at the edge of the coverage area; hence a small angtdar 
error can significantly affect mutual sharing capability. On the other hand, 
increasing pointing accuracy implies increasing spacecraft cost and complexity. 
For example, it may be necessary to improve attitude control techniques and/or 
include pointing aids such as interferometer tracking. 

The manner and degree to which beam pointing should be controlled, if at 
all, is not straightforward; hence any recommendations should be the result of 
a study considering at least the following: 

(1) impact oil spacecraft complexity and cost 

(21 Impact on spectrum/orbit utilization 

(31 Tradeoff between specifying constant pointing error and/or pointing 
error as a function of beamwidth 

(4) Recommended sidelobe patterns as presently undergoing review of 
WARC 77. 
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C. Earth Station Parameters 

1. Receiver Interference Rejection . The question of receiver interference 
rejection capability was introduced in general terms in the section on out-of- 
band emission limits (Section B3). 

Filtering in the satellite is difficult in terms of the weight and volume it 
requires and the insertion loss it causes, but the same requirements may not 
be as costly or difficult to achieve in earth stations — even those designed to be 
low-cost. Current low-cost receiver designs at 12 GHz are capable of 
30-dB rejection at the center frequency of an adjacent channel 40 MI-lz away. 

Even so, interference rejection does not appear to be a characteristic 
that should be regulated. Rather, a limit should be set on the out-of-band 
interference reaching an earth station. The system designer must then design 
his system to provide the desired service quality in the presence of such 
interference. 

The level should follow the equal burden principle previously set forth. 

That is, the interference reaching earth station receivers operating in the 
11.7-12,2 GHz band from out-of-band emissions should be as small as any 
limits established to protect out-of-band receivers from 11.7-12.2 GHz band 
emissions (see Section B31. 

2. Antenna Size and Discrimination . Orbit spectrum utilization can be 
increased by employing narrow earth station antenna patterns fbeamwidths) 
having low sidelobe levels. This worthwhile goal implies larger-aperture and 
more costly antennas. Such capability is inherent in most Fixed-Satellite 
Service earth stations since economic considerations dictate such an approach 
when there are a relatively small number of earth stations involved. As the 
demand for satellite service increases, it becomes desirable to decrease til e 
cost of the earth station equipment since this tends to promote the growth of 
the service. This could imply smaller, less costly antennas, suggesting that 
benefits of a service, as well as orbit/spectrum utilization, should be 
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considered when imposing standards. In view of thiB, and the preliminary 
nature of the satellite services in this band, it is believed that constraining 
antenna size would be premature. On the other hand, reasonable sidelobe 
control should be implemented, and recommendations are now under study. 

3. Receiver Noise Temperature. Low receiver noise temperature 
implies that lower EIRP satellite transmissions may be employed to achieve 
a required level of system performance. For a given level of total satellite 
power, the lower the earth station receiver noise temperature, the higher the 
capacity of the satellite and therefore the higher the efficiency in the use of the 
orbital slot and the spectrum. 

The designer's choice, in his selection of the earth station receix’er noise 
temperature, is influenced by two primary considerations — one technical and 
one economic. From a technical viewpoint, as the receiver noise temperature 
is reduced to increase the capacity of the system, the receiver becomes more 
susceptible to the effects of rain and to interference from adjacent satellite 
transmissions. From an economic viewpoint, the earth station cost increases 
with decreasing receiver noise temperature. 

Since the efficient use of the orbital arc and the spectrum is of fundamental 
importance in our considerations in this report, the use of low-noise receivers 
is to be encouraged. However, several attendant factors must be considered. 
Low-noise receivers will require increased protection from adjacent satellite 
interference and higher elevation angles to the satellite to limit the effects 
of rain. On the other hand, low-noise receivers lead to lower satellite 
radiated power and therefore less interference to other systems. 

Conversely, the use of inexpensive receivers leads to higher noise 
temperature. This in turn requires a higher level of satellite EIRP per 
channel, thus resulting in smaller channel capacity and higher levels of 
interference to other systems. 
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In summary, the use of low-noise receivers allows greater utilization 
of the orbital arc and reduced spacing requirements based on interference 
presented to adjacent systems. However, systems employing low-noise 
receivers will have to be protected from other systems using considerably 
higher levels of satellite radiated power. In addition, low-noise-temperature 
systems will require use of those segments of the orbital arc which allow high 
pointing angles to the satellite to limit the increase in system noise temperature 
due to r<*in. 

No recommended standards for receiver noise temperature per se are 
proposed since efficient use of the orbit and spectrum can be achieved by the 
establishment of other standards. For example, maximum permissible 
interference power flux density will achieve the same result while giving the 
system designer the desired level of flexibility in bis selection of system 
parameters and components. 

4. Antenna Repointing and Receiver lletuning . The ability to reposition 
a satellite and/or reassign channel frequencies would increase the flexibility 
of Administrations to make efficient orbital/frequency assignments as new 
satellites are added in the future. This implies the need to repoint the earth 
station antenna and retune the receiver* over the 11.7-12.2 GHz band. 

The impact of such requirements on earth stations in the Broadcasting- 
Satellite Service and even on some Fixed-Satellite systems may be significant. 
For systems with many earth stations, a small increase in unit cost could 
result in a large increase in total system cost. Also, the adjustment of earth 
station equipment could be complicated. It is recognized that a satellite 
reposition will require an earth station repointing capability; in view of the 
complications enumerated above and the service outage that will occur, the 
number of satellite repositions should be minimized. For many of the same 
reasons, the number of times an earth station must retune should also be kept 
to a minimum. 


The transmitter would also have to be retuned, but this aspect is not dis- 
cussed here since such uplinks are not in the 12-GHz band or even in the 
Broadcasting -Satellite Service. 
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5, Antenna Pointing Accuracy . The accuracy with which an earth itation 
beam is pointed affects the (l) signal level from the desired satellite, (21 inter- 
ference levels at adjacent satellites, and (3) interference at the terminal via 
undesired satellite downlinks. However, we do not recommend a performance 
standard for this area, leather, the satellite EIRP and spacing between adjacent 
satellites should be specified at values based on "'good" earth station antenna 
pointing practice and not increased to make up for the lack of pointing accuracy. 
Further study is required to define ’‘good” antenna pointing practice. 
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Ill SHAKING CRITERIA CONSIDERING SATELLITE SYSTEM 
SHARING WITH TERRESTRIAL SERVICES 


In Section II, sharing criteria and performance standards were discussed 
considering orbital sharing in Region 2 between the Fixed-Satellite (F-S) 
Service and the Broadcasting-Satellite (B-S) Service* This section considers 
oilier sharing situations, particularly as they affect or are affected by the two 
satellite services in Region 2* The situations include: 


III 

Fixed and Mobile 

Broadcasting -Satellite 

(21 

Broadcasting -Satellite 

Fixed and Mobile 

(3) 

Fixed-Satellite 

Fixed and Mobile 

(4) 

Broadcasting -Satellite 

Broadcasting 

(51 

Broadcasting 

Broadcasting -Satellite 

(61 

Fixed -Satellite. 

Broadcasting 

(7} 

Broadcasting 

Fixed-Satellite 


A , Sharing Between Satellite and Fixed and Mobile Services 

Tire interference paths to be considered here will be those between tbe 
Fixed and Mobile IF&M) Services on one hand and both the Broadcasting- 
Satellite and Fixed-Satellite Services on the other. Table 2 indicates the 
possible interference paths* It also describes the present Radio Regulations, 
if any, controlling interference on those paths Lastly, it sets forth, in 
general terms, the controls or techniques or Regulations that should be 
adopted to permit use of tbe band either on a primary or secondary sharing 
ba s i 6 . 

Column 1 of Table 2 treats interference from the Fixed and Mobile 
Services to the Broadcasting-Satellite Service. 

The interference path 11.7-12.2 GHz is from FRM transmitters to 
earth stations receiving from B-S. A circle in this column indicates that 
some new Radio Regulation is needed. The interference paths will not cause 
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i \6t_n 2 


INTERFERENCE PATHS 


1. F*<M — B-S 

2. B-S— FkM 

3. F-S — FfcM 

F&M B-S 

is. *zL 

— 




wwmi 


— 


Path: 

From F&M t ransmitle rs 
to ea rth station 
receive rs of B-S 


1 . No change needed 
In U.S. and Canada. 


2. Make secondary in 
region or only in 
Mexico. 


3, Establish PFD at 
the border (see 
Figure 2 ). 


Path: 

Front B-S transmitters 
to F& M receivers 


In U.S. and Canada, 
FkM are secondary: 
no PFD or other change 
needed. 


For other countries 
in Region 2 and lor 
Regions 1 *nd 3, a 
limit would have to 
be adopted for PFD 
in those areas. 


Path: 

From F-S transmitters 
to FkM receivers 


Now controlled by PFD 
limits in bands other 
than 12 GHz 
(RR 470N-470Nz>. 


In U.S. and Canarte 
FkM are secondary: 
no change necessary. 

In other countries in 
Region 2 and in Regions 
I and 3, a limit would 
have to be adopted for 
PFD reaching those 
areas. Situation simi- 
la r to Column 2 . 


J 
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TABLE 2 (contd) 


B-S — • Broadcast'll}! 



CD 


Interference possible in Regions I, 

2, and 3. 

I rested in CCIR Report 631. 

Possible solution: 1 rotect broadcast 

receivers to a certain level by ei ab- 
lishing a PFD for B-S in areas, nd 
on those frequencies withir the band 
where Administrations decide to have 
terrestrial broadcasting (see 
Figure I ). 


6. F-S 


Broadcasting 


BROADCAST 

RECEIVER 



. Broadcasting — • B-S 


TERRESTRIAL 
TV TRANSMITTER 


A 


Interference possible in Regions 1, 
2, and 3 . 

1' rested in CCIR Report 6 3 I . 

Possible solution: Ba r te r rest r is 1 

broadcasting from certain portions 
of the band, if possible. Keep B-S 
receivers at the necessary distance 
from broadcasting stations in the 
remaining portions of the band (see 
Figures 3 and 4), 


’. Broadcasting —• F-S 

TFRRESTRIAL 
TV TRANSMITTER 


CD) 


A 


Interference possible in l egions l, 

2 , and 3 . 

\ot treated in CCIR Reports. 

Less severe than Case 4 by virtue of 
diffeience in satellite F.1RP. T y pi - 
callv, F-S LIRP 42 dBW (B-S 
filing to the FCCL B-S F. :P = 63 
dBW (CCIR Report 215'. Difference 
2 : dBw, 


Interference possible only in 
Region 2 . 

Not treated in CCIR Reports. 

Less severe than Case 5 by virtue 
of greater antenna directivity at 
F-S earth station. Typically, a 
5-m-diameter dish with first side- 
lobe down 2 5 dB (B-S filing to the 
FCC). At minimum elevation angle 
of 16 degrees, maximum gain in the 
horizontal plane will be 1 . ° dB (B-S 
filing). Possible solution: Site F-S 
earth station on a case -by-case 
basis, taking advantage of terrain 
shielding and interference 
cancellers. 
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Floor 1 

Example of maximum acceptable interfering pc -er flux-density at a terminal frequency-modulation 
television broadcast receive '■anous protected field strengths 

Where: 

9 : Angle of discrimination al terrestrial receiver 
9,: Antenna, 3 dB bcamwidth 
Protection ratio: 36 dB 
f: 12 GHz 

Main beam gain, terrestrial antenna 35 dB (0 6 m) 

Terrestrial antenna discrimination: 9 -t- 20 log (9/9,) 

Note A value for 9, of 2 9 is proposed in Report 215-3 for a 
12 OH/ terr-slrial broadcast receiver. 



Figure 2 

Example of maximum acceptable interfering power flux-density al an earth-station receiver (individual reception I 
Wheie: 

9 : Angle of discrimination at earth-station receiver 
9,: Antenna, 3 dB bcamvvidth 

I arth-station antenna off-beam gain: 28 - 20 log (9,90) 

/: 12 GHz 

Note. — A value for f n of 2 4 i* proposed in Report 21 5-3 for a 
12 GHz satellite broadcasting receiver for individual reception. 


Note. I tgures I and 2 arc I igures 4 and 5. respcc lively . of Report 631, C ( IK \llltli Pjcnary A - VC 1 n >ly . Vo' ante \ I Geneva, 1 97 5 
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ERRATA 


Figure 4 and Its caption should appear on page 2b. 
The footnote on this r*g« refers to Figure 3. 



Fiotmf 4 * 

Separation distance to protect earth station receivers from terrestrial transmitters (Japan) 

Power flus-dcnsity produced by: 

A: Studio transmitter link (44 dBW) 

B: Amplitude-modulation television broadcasting (4J dBW) 

C: Outside broadcast transmitter (2* dBW) 

D: Frequency-modulation television terrestrial broadcasting PI dBW) 


•I igure h of Report Ml ( ( I H MU'.li I’lenais W-mhl). Volume \l (ieneva. I **75. 
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ERRATA 


Figure 3 and its caption should appear on page 25. 
Tne footnote on this page refers to Figure 4. 



Distance from transmitter to earth-station receiver (km) 


Fioum 3* 

Required separation distance to protect an earth station receiver fr.'m an out side -broadtail transmitter 
(e.t.r.p. }4 dBW) in the United Kingdom 


*1 itturc 7 of Report Ml. ( l .1 K Xllltli Plenary \-\emhl) . Volume XI, Geneva. I** 7 ? 
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harm in the U.S. and Canada because only the Mobile Service is in the band in 
the U.S. , and it is on a secondary basis. Neither service is included in the 
Canadian domestic allocation table. 

Interference to earth station receivers in the B-S from F£.M transmitters 
could be harmful if the interfering transmitter is within approximately 300 km 
Thus, the only significant sources of interference to U.S. receivers would be, 
in order of importance, from stations located in Mexico, Cuba, the Bahamas, 
and Siberia. 

To limit this interference, several solutions are possible; 

(11 Have the international Table of Allocations amended at some future 
Conference f 1 9*79 would be the first opportunity) to delete F&M from 
the Table in all regions. 

(2) Have the Table amended to make them secondary in Region 2. 

(3) Have Mexico delete these services or make them secondary in their 
domestic table. (Interference from Cuban stations to Florida, and 
Siberian stations to Alaska can almost be disregarded as 
possibilities.) 

(4) Reach an agreement with Mexico that no F£-M stations will transmit 
from any location with such power and direction as to generate a 
power flux density at the border greater than some agreed value. 

If solution 4 is adopted, a PFD on the order of -100 dBW/m^ is a 
reasonable value. This level is taken from CCIR Report 631, assuming the 
minimum elevation angle of a 0. 6-m-diameter earth station antenna as 
20 degrees . 

Column 2 of Table 2 treats interference from the B-S to the F&M. The 
only interfering path is from the B-S transmitters to the F&M receivers. If 
the services are to share, a PFD would be indicated. In the U.S. and Canada, 
there being no primary sharing with F&M, no PFD limit is necessary. A 
PFD limit would be necessary in any country of Region 2, or in other regions 
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intending to use the band for F8.-M. Initially, the limit should be set as high as 
possible to permit using earth stations with the lowest possible G/T, shoutd 
that prove desirable. Studies and subsequent system development may dictate a 
lower optimum E1RP (and, hence, a lower PFD limit) to achieve better utiliza- 
tion of the geostationary orbit by both B-S and F-S. 

. 2 

Report 215 shows a level of about -100 dBW/m as the necessary flux for 
individual reception in the 12-GHz band. A PFD on this order might represent 
a minimum objective. 

Column 3 of Table 2 treats interference from the F-S to the Fi'.M. The 
path is from F-S transmitters to terrestrial receivers of the F&M, This path 
is now adequately controlled in bands other than the 12-GHz band by Regulations 
470N-470NZ, which establish PFD limits. 

Insofar as the 12-GHz band is concerned, the situation is the same as in 
Column 2 of Table 2, dealing with interference from B-S to FhM. Any PFD 
limit adopted there would be adequate to permit operation of the F-S systems. 

B . Sharing Between Satellite and Broadcasting 5 •» ■• vices 

The interference paths to be considered here will be those between the 
Fixed- and Broadcasting-Satellite Services on one hand and the Terrestrial 
Broadcasting Service on the other. 

Column 4 of Table 2 treats possible interference from the B roadcasting - 
Satellite Service to the Broadcasting Service. 

The preierred solution would be to assume that the angle of discrimina- 
tion between the terrestrial receiver and the broadcasting satellite will never 
be less than some value ( say, 0/0^ >10, as defined in Figure l) and that 

terrestrial service will be afforded a certain level of protection (say, down 

, 2 

to 70 dB/pV/m), and to set the PFD accordingly labout -82 dBW/m , from 
Figure 1). 
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This limit would have to be observed in those areas and on those frequencies 
within the band 11,7-12.2 GHz where Administrations desire to implement the 
Terrestrial Broadcasting Service, as they would be permitted to do under the 
current Radio Regulations. 

Column 5 treats interference from terrestrial TV broadcast transmitters 
to earth stations receiving from Broadcasting Satellites. 

If possible, certain channels within the band should not be used by 
Terrestrial Services. This reservation of at least a few channels would permit 
use by the Broadcasting-Satellite Service in a given area and would be the 
space-age equivalent of the ’'clear-channel'' concept that is in widespread use in 
the United States, and perhaps in other Administrations, in the medium- 
frequency (MF) AM broadcast band. Making only one assignment in a large area 
of the country to a high-power broadcast station prevented the interference that 
would occur due to the wide night-time range of MF stations. This concept made 
clear AM reception possible in rural areas far from a local transmitter. The 
less efficient use of such frequencies was justified on the theory that it was in 
the public interest for all the people of the U.S. to be served by at least one 
interference-free AM broadcast station. The barring of Terrestrial Services 
from one or more channels for satellite use is the equivalent. In urban areas, 
where the chance of interference from a terrestrial TV station or fixed 
station would be highest, provision should be made for the reception of a few 
(or at least one) satellite channels. On other frequencies, receiving installations 
would have to be located at a distance sufficiently far from terrestrial trans- 
mitters to provide acceptable viewing. 

Column 6 treats possible interference from Fixed Satellites to TV broad- 
cast receivers. Any solution for Case 2 will also provide the protection 
necessary in this case because of the lesser E1RP of Fixed Satellites (42 dBw 
for the proposed B-S system, compared with 63 dBW for a typical Broadcasting- 
Satellite system, as shown in the system examples in CCIR Report 215). 


29 



Case 7 treats possible interference from terrestrial TV broadcast 
transmitters to Fixed-Satellite earth stations. This case is similar to Case 6 
but less severe because of the better antenna directivity to be expected. 
Terrain and artificial shielding can be used for this more expensive installa- 
tion to permit them to operate (at their own risk) in the vicinity of terrestrial 
TV transmitters. Interference cancellers, although expensive, could be 
iustified to permit separations less than would otherwise he possible. 
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IV. SUMMARY, CONCLUSION, AND RECOMMENDATIONS 


A . Summary of Section H . 

In summary of the analyses and considerations discussed in Section J1 of 
this report. Table 3 is presented. Each of the candidate areas for sharing 
criteria and performance standards is listed and the conclusion drawn is 
summa rized. 


TABLE 3 


SUMMARY OF RESULTS 


Candidate 
Sharing 
C ril e ria 

Page 
Numbe rs 

Summary 

Con imunicat ton 
S V S t e IV! 

Pola nzat ion 

5 

Use of orthogonal polarization recom- 
mended, Further study and experimenta- 
tion necessary to define preferred 
techniques and standards. 

Channelization 

K 

No standard recommended at this* time. 

Quality of 
commumcat ions 

* 

COR recommendations exist. Further 
study indicated to determine whether 
amendment or additions are necessary. 

Energy dispersal 

s 

No standard recommended. Acceptable 
levels of interference and or power flux 
density limits are preferred. 

Modulation 

methods 


No standard should be adopted. Acceptable 
levels of interference and or power flux 
density limits are preferred. 

Acceptable levels 
of interference 

ID 

A basic sharing criterion. Further study 
required to recommend standard. 

Space Station 



Satellite 

spacing 

See 
WC.-B 
Repo rt 

A basic sharing criterion. Further 
study required to recommend standard. 

Station!; eeping 

ID 

±0.1 degree limit recommended for East- 
West control. For North -South control, no 
limit is specified; however, ±0.1 degree or 
the equivalent is suggested. 
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TABLE 3 (contd) 


Candidate 
Sharing 
C riteria 

Page 

Numbers 

Summa ry 

Satellite 

repositioning 

12 

Capability to reposition recommended. 
However, limit maximum required 
excursion to ±10 degrees and keep 
number of moves to a minimum. 

Out-of-band 
emi ssion limits 

13 

No recommendation at this time. A 
recommended limit to or from systems 
in the 11.7-1 2.2 GHz band will be based 
on studies now in progress. 

Cessation of 
emissions 

14 

Capability to command cessation 
recommended. 

Power flux 
density limits 

15 

A basic sharing criterion. Not recom- 
mended at this time. However, a limit 
will likely be required in the future. 

Antenna pointing 
accuracy and 
antenna patterns 

16 

No value recommended at this time. 
Control of antenna Bidelobes or PFD 
limits outside service area may lie 
prefe rable. 

Ea rth Station 



Receive r 
inte rference 
rejection 

17 

No standard recommended at this time 
for receiver selectivity. When limits are 
set for out-of-band emission by trans- 
mitters, a complementary limit should 
be established for receiver selectivity. 

Antenna size and 
disc rimination 

17 

No limit on size recommended at this 
time. Reasonable sidelobe control is 
suggested. 

Receive r noise 
tempe rature 

18 

No standard recommended. PFD limit 
is preferred. Low-noise systems should 
be protected from interference. 

Antenna repoint ing 
and receiver 
retuning 

19 

Capability is recommended: however, 
number of changes should be minimized. 

Antenna pointing 
accuracy 

20 

No standard recommended. 
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B. Conclusion 


The values for many candidate sharing parameters have not been specified 
(and those that have are preliminary) because of uncertainties in system 
definitions, the services to be offered, and system characteristics. 

As a result of the studies and efforts that are described in this report, the 
following conclusion has been drawn: 

Many system parameters should not be controlled or regulated 
because control of more fundamental parameters will achieve the 
desired goal of sharing and efficient use of orbit and spectrum. 

These fundamental and interrelated parameters include power 
flux density limits, satellite spacing, and acceptable levels of 
interference, 


C . Recommendations 

The adoption of sharing criteria and performance standards involves a 
complex situation where technical characteristics are interrelated with system 
costs and require comprehensive analysis to determine the impact on system 
performance, cost to implement, and improvement to be gamed. The current 
state of knowledge concerning the technical characteristics of domestic 
communications satellite systems which may share the 11,7-12.2 GHz band, 
particularly in the Broadcasting-Satellite Service, is deficient from the point 
of view of making specific recommendations for performance standards. In 
fact, definitive interpretation of the basic nature of the services to be provided 
in the two service areas is lading. With this in mind, the following recom- 
mendations are set forth: 

(Ti Unambiguous interpretations of the definitions of both the Fixed- 
Satellite and Broadcasting -Sat ellit e Service should be developed* 

These interpretations should relate to the characteristics of the 
Services to be provided in addition to postulated system character- 
istics and their associated technical parameters. 

(21 Comprehensive models of the technical characteristics of both 
Fixed-Satellite and Broadcasting-Satellite systems should be 
developed . 
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(3) Detailed studies of candidate performance standards should be 
conducted accordingly for system cost effectiveness and orbit/ 
spectrum utilization. 

(4) A procedure should be instituted to accommodate regional inputs to the 
study and planning function. 

Adoption of specific performance standards should be preceded by the 
implementation and completion of the studies and definitions recommended 
above. 
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APPENDIX A 


ANALYSIS Or OUT-OF-BAND EMISSIONS 

To gain an estimate of the order of magnitude of the interference problem, 
the following analysis is presented. Consider the interference created by a 
satellite operating in the 11.7-12.2 GHz band to a mobile service operating 
in the band immediately below 11.7 GHz. Five types of satellite systems will 
be considered, the characteristics of four to be dc* vcd from the first. The 
five types of satellite systems to be considered are; 

Type 1 Fixed-Service Wideband Digital 

Type 2 Fixed-Service Narrowband Digital 

Type 3 Fixed-Service Second Generation 

Type 4 Broadcasting-Service EIRP = 55 dBw 

Type 5 Broadcasting -Service EIRP - 6 5 dBw 

The out-of-band interference caused by a Type 1 satellite system can be 
estimated from 

EIRP. . ... 4 PAY - SL - SFS - BWR - ESTFE - FPS (1) 

MAX 

peak value of out-of-band interference for a satellite 
operating in the 11.7-12.2 GHz band [dB( W/m^/4kI-lz)] 
maximum value of EIRP IdBW) 

peak-to -average signal level idB) 
spreading loss (dBI 

satellite filter suppression near the band edge (dBI 
conversion factor from transmitted signal bandwidth to 4 kHz, 
equal to 10 log (BW/4000) fdB) 
signal bandwidth (Hz) 

earth station transmission filter suppression near band 
• dgc (dBI 

peak value of first out-of-band sidelobe (dB) 


T PEAK = 
wh ere 

! PEAK = 

eirp max * 

PAY = 
SL = 
SFS = 
BWR : 

BY n 
ESTFE ; 

EPS = 
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Using the eonversative parameter values presented *n Table A - 1 , the 
interference is given by 


1 PEAK 5 OH1 MAX 


10 log 


SRW 

4000 


US l 


( 2 ) 


where SBW is the satellite bandwidth* 


For a representative value of El R P ~ 45 dBW for a Type l Fixed Service 
and an effective signal bandwidth of 30 MHz, the peak interference is given 
by 


I PEAK 


45 


10 log 


30 x 1 0° 

-j- 

4 x 10 


181 


t 3 » 


= -175 dBlW/nF/4 kHz) 

With reference to Radio Regulation No. 470NQ, the power Fux density at 
the earth surface produced by emissions from a space station in the band 
8 . 02 5 - 1 1 . 7 GHz is given by 

It in -band),. , . - -150 dB| W/m^ 4 kHz) ( 4) 

M A A 

for angles of arrival 0 between 0 and 5 degrees, 

S ^ C J 

l(iu-band)^ 1A _ - 1 50 4 dBt W mi 4 kHz) (5) 

for angles of arrival 6 between 5 and 2 5 degrees, 

I(in-band)^j A ^ = -140 dB(W/tn^ 4 kHz) fb) 

for angles of arrival between 25 and '• U degrees* 
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TABLE A-l 


ESTIMATE OF OUT-OF-BAND INTERFERENCE 
FROM A FIXED-SERVICE SATELLITE 


Pa rameter 

Value 

Spreading loss 

-103 dB 

Satellite filter 
Bandwidth reduction 1 *' 

-5 dB 

SBW 
lo *S 4 kHz 

Peak-to-average level 

i 3 dB 

First out-of-band peak sidelobe*^' 

-1 3 dB 

Earth station transmission filter 
effect* ^ 1 

- 3 d B 

(li For a digital bit rate iB.R.) using quadriphase-shift-keying 
(QPSK) modulation, the effective signal bandwidth is 
approximately B.R./2 x 1.2. 

(2 1 For a wideband digital signal. 


1 3 1 Tlie net ef'Tct of the earth station filter and the “recon- 
stitution" bv the nonlinear satellite transponder. 


Restricting the interference due to satellite operation in the II. 7-12 2 GHz 

band to 10 dB ’esb than the interference allowed for satellites operating in the 

2 

band below 11.7 GHz, the i(allovable) rir . . , • - -155 dB(W/m 4 kHz) for a 

FLAK 

minimum angle of arrival of 15 degrees. 

The margin for the Type 1 service is then 20 dB. 


37 






Assuming that the Type service causes the same order-of-magnitude 
of interference out-of-band, the margin is agam *0 dB. Assuming a 10-dB 
increase in EiRP for a second-generation Fixed-Satellite Service (Type 3), the 
margin is reduced by 10 dB. 

For a Broadcasting-Satellite Service (Type 4) with an EIRP^^j, of 55 dBW, 
the margin is approximately 10 dB. 

Finally, for a Broadcasting Service (Type 5) with an EIRP^^^-of 65 dBW, 
the margin is reduced to zero. 

In conclusion, two points should be noted: (1) out-of-band interference 
will generally be less than the peak value derived above and (2) for the worst 
case presented, a Broadcasting Service with an EIRP of 65 dBW, digital 
transmission was assumed. If the more likely FM modulation is used, 
approximately 10-dB improvement in the out-of-band emission is estimated 
when compared to a wideband digital modulation approach. 
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